Space station power system requirements by Dunning, John W., Jr.
I NASA Technical Memorandum 100886 
I .  
1 -  
I Space Station Power System Requirements 
(NASA-TM-100886) S P A C E  STATION POWEJi SYSTEM N88-2 1245 
REQUIREMENTS [NASA) 31 p C 3 C L  2 L d  
Unclas  
G3/18 6140263 
John W. Dunning, Jr, 
Lmis Research Center 
Cleveland, Ohio 
Prepared for the 
23rd Intersociety Energy Conversion Engineering Conference 
cosponsored by the ASME, AIAA, ANS, SAE, IEEE, ASC, and AIChE 
Denver, Colorado, July 31-August 5, 1988 
https://ntrs.nasa.gov/search.jsp?R=19880011861 2020-03-20T06:26:00+00:00Z
SPACE S T A T I O N  POWER SYSTEM REQUIREMENTS 
John W .  Dunning, J r .  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  
Lewis Research Cen te r  
C l e v e l a n d ,  O h i o  44135 
ABSTRACT 
T h i s  paper w i l l  p r e s e n t  an o v e r v i e w  o f  t h e  r e q u i r e -  
2 ments upon which the  Space S t a t i o n  E l e c t r i c  Power Sys- 
tem d e s i g n  i s  based as w e l l  as a summary o f  t h e  d e s i g n  
i t s e l f .  The c u r r e n t  d e s i g n ,  which i s  based on s i l i c o n  
D h o t o v o l t a i c  a r r a y s .  NiH2 b a t t e r i e s ,  and 20 kHz d i s t r i -  
r e q u i r e m e n t s .  b u t i o n  technology;  m e e t s  a l l  o f  t h e  
INTRODUCTION 
The Space S t a t i o n  Manned Core i 
o r b i t i n g  v e h i c l e  than  NASA has eve r  
c u r r e n t  c o n f i a u r a t i o n  i s  shown i n  F 
a much l a r g e r  
f l o w n  b e f o r e .  The 
g.  1 .  Man has 
l o n g  dreaned o f  b u i l d i n g  such a f a c i l i t y  e n a b l i n g  s c i -  
e n t i s t s ,  ast ronomers,  and o t h e r  s p e c i a l i s t s  t o  e x p l o r e  
t h e  n a t u r e  o f  t h e  u n i v e r s e  f r o m  space and t o  e x p l o i t  
t h e  un ique  f e a t u r e s  o f  n e a r - z e r o  g r a v i t y  and near -  
p e r f e c t  vacuum. The Space S t a t i o n  i s  t o  be a f l e x i -  
b l e ,  l o n g - - l i v e d  o r b i t i n g  f a c i l i t y  wh ich  w i l l  enab le  
those  c a p a b i l i t i e s .  The Space S t a t i o n  Program has 
e n t e r e d  Phase CID and i s  abou t  t o  embark on p r e l i m i -  
n a r y  d e s i g n .  Design c r i t e r i a  d i f f e r e n t  from those  o f  
p r e v i o u s  programs must be met .  These c o n s i d e r a t i o n s  
a r e  r e f l e c t e d  i n  t h e  power system d e s i g n  i n  s e v e r a l  
ways. T h i s  paper  w i l l  b r i e f l y  d i s c u s s  t h e  r e q u i r e -  
ments,  t h e  need f o r  h i g h  power l e v e l s ,  and t h e  p r e s e n t  
d e s i g n .  One p r i m a r y  g o a l  o f  t h e  power system i s  t o  
deve lop  and implement a u t l l i t y  t y p e  system wh ich  can 
be o p e r a t e d  i n  a h i g h l y  a u t o m a t i c  and autonomous 
f a s h i o n  f o r  extended p e r i o d s  o f  t i m e .  
A l though  a p o l a r  p l a t f o r m  i s  p a r t  o f  t h e  program, 
most o f  t he  comments i n  t h e  paper  w i l l  address t h e  
manned c o r e .  
The Space S t a t i o n  E l e c t r i c  Power System ( E P S )  1 s  
t h e  r e s p o n s i b i l i t y  o f  Work Package-04 (WP-04) o f  t h e  
Space S t a t i o n  program. 
has c o n t r a c t e d  w i t h  Rocketdyne t o  deve lop  and b u i  I d  
t h e  EPS hardware and s o f t w a r e  and t o  i n t e g r a t e  t h e  
s o l a r  power module wh ich  houses t h e  g e n e r a t i o n  and 
s t o r a g e  f u n c t i o n s .  Rocketdyne w i l l  a l s o  p r o v i d e  EPS 
components t o  t h e  p o l a r  p l a t f o r m  wh ich  i s  a Goddard 
Space F l i g h t  Cen te r  r e s p o n s l b l l l t y .  
The NASA Lewis Research Cen te r  
REQUIREMENTS 
The p r i m e  s i z i n g  r e q u i r e m e n t  for t h e  e l e c t r i c  power 
system i s  t h e  exp ressed  need for 7 5  kW of e l e c t r i c i t y  
a v a i l a b l e  t o  be consumed on t h e  s t a t i o n .  Th is  power 
must be a v a i l a b l e  c o n t i n u o u s l y  d u r i n g  normal o p e r a t i o n .  
I n  a d d i t i o n ,  t h e  EPS must be a b l e  t o  d e l i v e r  up t o  
100 kW o f  peak power f o r  a d u r a t i o n  o f  15 min each 
o r b i t .  The s t a t i o n  must m a i n t a i n  an energy  ba lance  
f o r  each o r b i t .  The p r e s e n t  d e s i g n  w i l l  make a v a i l a b l e  
112.5 kWh o f  energy d u r i n g  each o r b i t .  I n  a d d i t i o n ,  
t h e  S t a t i o n  s h o u l d  be a b l e  t o  p r o v i d e  power d u r i n g  a 
c o n t i n g e n c y  such as  l o s s  o f  s t a t i o n  o r i e n t a t i o n .  The 
d e s i g n  s o l u t i o n  f o r  a c o n t i n g e n c y  i s  t o  take  f u l l  
advantage o f  t h e  energy  s t o r e d  i n  t h e  b a t t e r i e s  by 
a l l o w i n g  g r e a t e r  d e p t h  o f  d i s c h a r g e  than  no rma l .  
Major "Des i g n - To" Con s i d e r  a t  i on s 
i n t o  o r b i t  u s i n a  t h e  STS and a f t e r  each assemblv 
Every p i e c e  o f  t h e  Space S t a t i o n  w i l l  be l a u n c h e d  
f l i g h t  t h e  s t a t i o n  w i l l  be a f u n c t i o n i n g  s p a c e c i a f t .  
Th i s  r e q u i r e m e n t  has p l a c e d  severe l i m i t s  on t h e  f l r s t  
s e v e r a l  assembly f l i g h t s  s l n c e  e v e r y  system must be 
p r e s e n t  I n  a t  l e a s t  a minimum c o n f i g u r a t i o n  and e v e r y  
system r e q u i r e s  power i n  o r d e r  to f u n c t i o n .  I n  t h e  
p r e s e n t  assembly sequence, one s o l a r  power module 
i nc remen t  (one p a i r  o f  a r r a y s  and a s s o c i a t e d  e q u i p -  
ment) i s  launched on t h e  f i r s t  f l i g h t .  O n l y  40 p e r c e n t  
o f  t h e  p o s s i b l e  b a t t e r y  complement i s  p r e s e n t  on t h e  
f i r s t  f l i g h t  due t o  w e i g h t  l i m i t a t i o n s .  I t  may be 
necessa ry  t o  make changes i n  t h e  d e t a i l s  o f  t h e  EPS 
a r c h i t e c t u r e  f o r  t h e  f irst f l i g h t  i n  o r d e r  t o  p e r m i t  
enough equipment  f rom o t h e r  d i s t r i b u t e d  systems t o  be 
launched t o  meet t h e  f u n c t i o n i n g  s p a c e c r a f t  
r e q u i r e m e n t .  
The s t a t i o n  i s  i n  a low a l t i t u d e  (200 nmi)  and low 
i n c l i n a t i o n  (28 .5 " )  o r b i t  wh ich  means t h a t  a s i g n i f i -  
c a n t  amount of t h e  energy  consumed d u r i n g  each o r b i t  
must be genera ted  and s t o r e d  d u r i n g  t h e  60 min o f  sun- 
l i g h t  f o r  use d u r i n g  t h e  30 m in  o f  e c l i p s e .  There 
w i l l  be more than  5000 e c l i p s e  c y c l e s  each y e a r .  The 
u t i l i t j i - l l k e  concep t  i m p l i e s  t h a t  l i g h t l d a r k  power 
s c h e d u l i n g  need n o t  be done. T h i s  r e q u i r e m e n t  has 
1 
been s a t i s f i e d  by p r o v i d i n g  NiH2 b a t t e r y  s t o r a g e  f o r  
t h e  37.5 kWh o f  energy r e q u i r e d  d u r i n g  t h e  e c l i p s e .  
The b a t t e r i e s  w i l l  t y p i c a l l y  o p e r a t e  a t  80 p e r c e n t  
d e p t h  o f  d i s c h a r g e .  
has i n c r e a s e d  t h e  c y c l e  l i f e  so t h a t  t h e  low E a r t h  
o r b i t  a p p l i c a t i o n  i s  v i a b l e .  
The power g e n e r a t i o n  subsystem i s  a s i g n i f l c a n t  
c o n t r i b u t o r  t o  t h e  t o t a l  aerodynamic d r a g  forces on 
t h e  s t a t i o n .  There fo re ,  t h e  EPS s h o u l d  be as e f f i -  
c i e n t  as i s  e c o n o m i c a l l y  p o s s i b l e  t o  m i n i m i z e  t h e  a rea  
o f  t h e  g e n e r a t i o n  subsystem w h i l e  s t i l l  making 75 kW 
a v a i l a b l e  t o  t h e  s t a t i o n .  Each subsystem and compo- 
n e n t  o f  t he  EPS has been e v a l u a t e d  d u r i n g  t r a d e  s tud -  
i e s  for  on s t a t i o n  l e v e l  impac ts  such as aerodynamic 
d rag  and the  r e s u l t a n t  need f o r  p r o p e l l a n t .  Th i s  l e d  
t o  t h e  e a r l y  d e c i s i o n  f o r  a h y b r i d  PV and S o l a r  Dynamic 
g e n e r a t i o n  subsystem. 
and be sun p o i n t i n g  w h i l e  t h e  co re  s t a t i o n  i s  e a r t h  
o r i e n t e d .  T h i s  m i n i m i z e s  t h e  s i z e  and c o s t  of t h e  gen- 
e r a t i o n  and s t o r a g e  subsystems and p r o v i d e s  a s t a b l e  
v i e w i n g  p l a t f o r m  f o r  e a r t h  and s t e l l a r  o b s e r v a t i o n .  
Each a r r a y  i s  capab le  o f  b e i n g  o r i e n t e d  toward  t h e  sun.  
manned c r i t i c a l  systems. The EPS shou ld  be t o l e r a n t  
o f  two f a i l u r e s  and s t i l l  be a b l e  t o  p r o v i d e  power f o r  
c r i t i c a l  f u n c t i o n s  a s s o c i a t e d  w i t h  crew s a f e t y .  Due 
t o  b u i l t - i n  redundancy,  a t o t a l  e l e c t r i c a l  f a i l u r e  t h e  
a lpha  j o i n t s  i s  n o t  c o n s i d e r e d  c r e d i b l e .  Due t o  t h e  
symmetry o f  t h e  s t a t i o n  EPS most power o u t l e t s  s h o u l d  
be a b l e  t o  s u r v i v e  t h r e e  EPS f a i l u r e s  and s t i l l  be 
a b l e  t o  p r o v i d e  power.  I n  a d d i t i o n  t o  t h e  redundancy 
r e q u i r e m e n t s ,  t h e  EPS s h o u l d  f a i l  t o  a s a f e  and 
r e s t o r a b l e  c o n d i t i o n .  
There- 
f o r e ,  t h e  EPS must be des igned  t o  f u n c t i o n  for  a p e r i o d  
o f  30 y e a r s .  T h i s  i s  be accomp l i shed  by rep lacemen t  
a n d / o r  r e p a i r  o f  o n - o r b i t  components. Maintenance may 
be pe r fo rmed  e i t h e r  by an a s t r o n a u t  or a r o b o t  wh ich  
has added an a d d i t i o n a l  d e s i g n  c o m p l e x i t y  i n  t h e  
packag ing  o f  components f o r  r o b o t i c  rep lacemen t .  The 
f r e q u e n c y  and c o m p l e x i t y  o f  r e p a i r  or rep lacemen t  ope r -  
a t i o n s  have become d e s i g n  d r i v e r s  and s i g n i f i c a n t l y  
i n f l u e n c e  t h e  c o s t  o f  t h e  EPS o v e r  t h e  l i f e  o f  t h e  
s t a t  i o n .  
The d e s i g n  s h o u l d  m i n i m i z e  i n i t i a l  c o s t  w i t h i n  t h e  
c o n s t r a i n t  o f  e f f i c i e n t  d e s i g n  o f  l o n g - l i v e d  components 
which w i l l  m i n i m i z e  maintenance and l o g i s t i c s  c o s t s .  
The system s h o u l d  be capab le  o f  accommodating 
g rowth  t o  300 kW and s h o u l d  be des igned  SO t h a t  new 
techno logy  can be i n f u s e d  i n t o  t h e  system w i t h o u t  
ma jo r  d i s r u p t i o n  of s e r v i c e .  
The EPS s h o u l d  o p e r a t e  a u t o m a t i c a l l y  and autono-  
mously  w i t h  minimum crew or ground s u p p o r t .  However, 
t h e  crew o r  t h ?  ground s h o u l d  be a b l e  t o  i n t e r u p t  and 
g a i n  c o n t r o l  o f  t h e  EPS. A d d i t i o n a l l y ,  t h e  crew i n t e r -  
f a c e  i s  t h rough  t h e  same computer sc reen  and keyboard  
as i s  used for a l l  o t h e r  s t a t i o n  a p p l i c a t i o n s .  Dedi -  
c a t e d  d i s p l a y s  have been d i s c o u r a g e d .  The s o f t w a r e  
wh ich  c o n t r o l s  t h e  EPS w i l l  be w r i t t e n  w i t h  s e v e r a l  
l e v e l s  o f  autonomy to  accommodate p r o c e s s o r  f a i l u r e s .  
Hooks and sca rs  w i l l  be b u i l t  i n t o  t h e  c o n t r o l s  t o  
a l l o w  f u t u r e  i n c o r p o r a t i o n  o f  E x p e r t  System and Artif i- 
c i a l  I n t e l  legence t e c h n o l o g y .  The f irst a p p l  i c a t i o n  
w i l l  most l i k e l y  be used for p r e d i c t i v e  d i a g n o s t i c s  t o  
enhance the  r e l i a b i l i t y  o f  t h e  EPS. 
The EPS shou ld  be a d a p t a b l e  t o  v a r y i n g  k i n d s  and 
t ypes  o f  l oads  as t h e  exper imen t  m a n i f e s t  and t h e  
housekeeping techno logy  changes w i t h  t i m e .  The EPS 
should accomp l i sh  t h i s  i n  a " u s e r  f r i e n d l y "  f a s h i o n  
w h i l e  m a i n t a i n i n g  a s imp le  c o n s i s t e n t  power i n t e r f a c e  
The i n i t i a l  d e s i g n  o f  t h e  EPS i n c o r p o r a t e s  a common 
A t echno logy  development program 
The power g e n e r a t i o n  equipment  must be a r t i c u l a t e d  
The EPS must meet t h e  redundancy r e q u i r e m e n t s  for  
The s t a t i o n  has a d e s i g n  l i f e  o f  30 y e a r s .  
ac .  20 kHz, 208 V i n t e r f a c e  w i t h  t h e  same c a p a c i t y  
a v a i l a b l e  a t  each o u t l e t .  Programmable s o l i d  s t a t e  
s w i t c h e s  can accommodate changing l e v e l s  o f  " o v e r l o a d "  
c o n d i t i o n s  t o  p r o t e c t  t h e  EPS, t h e  s t a t i o n ,  and second- 
a r i l y  t h e  exper imen t  o r  housekeeping l o a d .  
i n s t a l l e d  i n t o  e lements of  t h e  Space S t a t i o n  which a r e  
t h e  r e s p o n s i b i l i t y  o f  o t h e r  work packages. Th is  has 
caused a m o d i f i c a t i o n  i n  t h e  "no rma l "  approach t o  v e r i -  
f i c a t i o n  and d e l i v e r y  of  f l i g h t  hardware.  Components 
a r e  t e s t e d  and accep ted  by WP-04 and then  sh ipped t o  
t h e  o t h e r  W P ' s  fo r  i n s t a l l a t i o n .  WP-04 has a r e s p o n s i -  
b i l i t y  t o  s u p p o r t  t he  o t h e r  WP's d u r i n g  t h e i r  i n s t a l l a -  
t i o n  and checkou t  a c t i v i t i e s .  Completed s t a t i o n  
e lements w i t h  a l l  t h e  i n s t a l l e d  d i s t r i b u t e d  systems 
w i l l  be sh ipped  t o  t h e  l aunch  s i t e  for l a u n c h .  
Because t h e  v a r i o u s  systems o f  t h e  Space S t a t i o n  
a r e  b e i n g  deve loped  by d i f f e r e n t  work packages, t he  
p rocess  to i n s u r e  compatabi 1 i t y  and mu tua l  f u n c t i o n i n g  
i s  d i f f e r e n t  and has a g r e a t e r  v i s i b i l i t y .  There i s  
p r e s e n t l y  under  c o n s i d e r a t i o n  a s i n g l e  f a c i l i t y  to 
a l l o w  combined t e s t i n g  o f  t h e  s o f t w a r e  from t h e  
d i s t r i b u t e d  systems.  
and e lements w i l l  use s i m u l a t o r s  d u r i n g  t h e  develop-  
ment p rocess  t o  assu re  c o m p a t i b l e  f u n c t i o n i n g  i n  t h e  
S t a t i o n  l e v e l  env i ronmen t .  
Many o f  t h e  power d i s t r i b u t i o n  components w i l l  be 
Each o f  t h e  d i s t r i b u t e d  systems 
Housekeeping and U s e r  Power Needs 
C u r r e n t l y ,  t h e  a1 l o c a t e d  s p l i t  o f  power between t h e  
h o u s e k e e p i n g - f u n c t i o n s  and t h e  u s e r s  o f  t h e  s t a t i o n  i s  
b e i n g  debated.  
i n i t i a l l y  t h o u g h t  t o  p r o v i d e  a "power r i c h "  s t a t i o n  i s  
now a p r e c i o u s  commodtty. The program I s  i n  t h e  p roc -  
ess of imp lemen t ing  changes wh ich  s h o u l d  reduce t h e  
a n t i c i p a t e d  need f o r  power t o  match t h e  c u r r e n t  capa- 
b i l i t y .  These changes w i l l  impac t  system and component 
d e s i g n  e f f i c i e n c i e s  as w e l l  as o p e r a t i o n a l  s t r a t e g i e s .  
The f o l l o w i n g  o p e r a t i o n a l  g u i d e l i n e s  ( w h i c h  have gener-  
a l l y  n o t  been f o l l o w e d )  were s t a t e d  d u r i n g  t h e  Space 
S t a t i o n  "Skunkworks" i n  1984: ( 1 )  t u r n  o f f  redun-  
dancy;  ( 2 )  use l i g h t i n g  a p p r o p r i a t e  t o  t h e  t a s k ;  ( 3 )  
do n o t  use e l e c t r i c i t y  t o  make h e a t  i f  an a d j a c e n t  
h e a t  sou rce  i s  a v a i l a b l e ;  and ( 4 )  do  n o t  doub le  con- 
v e r t  power. 
t i o n s  i s  s i g n i f i c a n t .  C u r r e n t  e s t i m a t e s  based on t h e  
Phase C / D  c o n t r a c t o r  p r o p o s a l s  l s  a p p r o x i m a t e l y  55 kW. 
T h i s  i s  n e a r l y  f i v e  t i m e s  t h e  o r b i t  average power 
a v a i l a b l e  t o  Sky lab  and n e a r l y  f i v e  t i m e s  t h e  o r b i t  
average power a v a i l a b l e  t o  t h e  S o v i e t  M i r  Space S ta -  
t i o n .  Severa l  s t u d i e s  have addressed t h e  magni tude of 
t h e  power needed by t h e  U . S .  Space S t a t i o n  housekeep- 
i n g  f u n c t i o n s .  I n  n e a r l y  e v e r y  case a t r a d e  had been 
made between l o g i s t i c s  and power. The c o s t  o f  o p e r a t -  
i n g  a c l o s e d  or r e g e n e r a t i v e  system was t r a d e d  a g a i n s t  
t h e  c o s t  o f  p r o v i d i n g  s u p p l i e s  t o  an open system. 
S i n c e  t h e  c o s t  o f  r e s u p p l y  i n v o l v e s  l a u n c h  t o  o r b i t ,  
t h e  c l o s e d  system wh ich  consumes more power g e n e r a l l y  
w ins  t h e  t r a d e .  There a r e  two c l a s s i c  examples. 
The p r o p u l s i o n  system genera tes  i t s  own f u e l  
(hyd rogen  and oxygen)  b y  e l e c t r o l y z i n g  w a t e r .  
can be o b t a i n e d  from t h e  NSTS as a b y p r o d u c t  f r o m  i t s  
f u e l  c e l l s  and from t h e  s t a t l o n  l l f e  s u p p o r t  system 
s i n c e  t h e  s t a t i o n  i s  a n e t  p roducer  o f  w a t e r .  I n  
e i t h e r  case t h e  l o g i s t i c s  c o s t s  a r e  c a r r i e d  by ano the r  
f u n c t i o n .  The c o s t  i s  o n l y  t h a t  m a r g i n a l  c o s t  t o  
produce more power t o  r u n  t h e  e l e c t r o l y z e r .  
g i n a l  c o s t  t o  p r o v i d e  more EPS c a p a c l t y  has a lways 
been l e s s  t han  t h e  c o s t  t o  t r a n s p o r t  t o  o r b i t  t h e  
r e q u i r e d  amount o f  consumable p r o p e l l a n t  to keep t h e  
s t a t i o n  on o r b i t  each y e a r .  The l i f e  c y c l e  c o s t  
I t  i s  c l e a r  t h a t  t h e  75 kW which was 






p r o f i l e  shows a payback of t h e  development c o s t s  i n  
abou t  1 y e a r .  
The o t h e r  example i s  t h e  l i f e  s u p p o r t  system. O f  
t h e  housekeeping systems, i t  i s  t h e  s i n g l e  l a r g e s t  con- 
sumer o f  power.  However, e a r l y  t r a d e s  i n d i c a t e d  t h a t  
t h e r e  hras n o t  enough STS c a p a c i t y  a v a i l a b l e  t o  s u p p o r t  
an open l i f e  s u p p o r t  system such as t h a t  on STS or on 
S k y l a b .  The l i f e  s u p p o r t  system c u r r e n t l y  proposed by 
WP-01 ( M a r s h a l l  Space F l i g h t  C e n t e r / B o e i n g )  i s  p a r -  
t i a l l y  c l o s e d .  Oxygen i s  r e g e n e r a t e d  f r o m  exha led  c a r -  
bon d i o x i d e  b u t  wa te r  i s  o n l y  p a r t i a l l y  r e c l a i m e d .  
T h i s  chemical  p rocess  r e q u i r e s  more energy than  an open 
system. The l i f e  s u p p o r t  system a l s o  consumes a s i g -  
n i f i c a n t  amount o f  power j u s t  t o  c i r c u l a t e  a i r  i n  t h e  
p r e s s u r i z e d  modules.  I n  t h i s  case t h e r e  seems t o  be 
no  c h o i c e  s i n c e  t h e  c a p a c i t y  o f  t h e  t r a n s p o r t a t i o n  sys- 
t e m  would be s t r e t c h e d  beyond i t s  c a p a c i t y  i f  t h e  
s t a t i o n  were t o  u t i l i z e  an open l i f e  s u p p o r t  system. 
The power needs of  t h e  u s e r s  o f  t he  Space S t a t i o n  
a r e  a l s o  s i g n i f i c a n t .  Pending t h e  r e s u l t s  o f  s e v e r a l  
c u r r e n t  s t u d i e s ,  as much as 45 kW o f  power may be a l l o -  
c a t e d  to e x p e r i m e n t e r s .  Severa l  m a t e r i a l s  p r o c e s s i n g  
exper imen ts  a r e  proposed wh ich  may consume as much as 
I S  kW each.  T r i a l  p a y l o a d  m a n i f e s t s  c o n s i s t e n t l y  
r e q u i r e  more power than  t h e  a v a i l a b l e  a l l o c a t i o n .  T h i s  
s h o u l d  n o t  be i n t e r p r e t e d  as meaning t h a t  exper imen ts  
w i l l  n o t  be pe r fo rmed  b u t  t h a t  some i n t e l l e g e n t  ope ra -  
t i o n a l  s c h e d u l i n g  must be done a f t e r  t h e  s t a t i o n  i s  
a c t i v e .  T h i s  s c h e d u l i n g ,  wh ich  may a l s o  i n v o l v e  house- 
k e e p i n g ,  w i l l  r e q u i r e  t h e  a t t e n t i o n  o f  ground p l a n n i n g ,  
o n - o r b i t  management, and t h e  a b i l i t y  o f  t h e  EPS t o  
r e a c t  t o  dynamic changes i n  t h e  geograph ic  d i s t r i b u t i o n  
o f  power consumpt ion .  
CURRENT DESIGN 
The power system for t h e  Space S t a t i o n  c o n s i s t s  of 
f o u r  c l a s s i c  subsystems: g e n e r a t i o n ,  s t o r a g e ,  d i s t r i -  
b u t i o n ,  and c o n t r o l .  A f u n c t i o n a l  b l o c k  d iag ram o f  
t h e  EPS i s  shown i n  F i g .  2 .  W i t h i n  each o f  t h e s e  
subsystems s e v e r a l  c a n d i d a t e  t e c h n o l o g i e s  have been 
c o n s i d e r e d  b e f o r e  s e l e c t i n g  t h e  c u r r e n t  d e s i g n .  
s e l e c t i o n  of each t e c h n o l o g y  was h e a v i l y  i n f l u e n c e d  by 
t h e  t r a n s p o r t a t i o n  system a v a i l a b l e  t o  t h e  s t a t i o n  
( S T S ) ,  by t h e  r e q u i r e m e n t s  o f  t h e  u s e r s  o f  t h e  s t a t i o n ,  
and t h e  o t h e r  r e q u i r e m e n t s  men t ioned  above.  The com- 
ments be lo r /  w i l l  o n l y  r e p r e s e n t  t h e  c u r r e n t  d e s i g n  o f  
t h e  EPS.  
G e n e r a t i o n  
The EPS c o n v e r t s  s u n l i g h t  i n t o  e l e c t r i c i t y  u s i n g  
t r a n s p a r e n t  back 8 by 8 cm s i l i c o n  p h o t o v o l t a i c  
c e l l s .  The l a r g e  a rea  m i n i m i z e s  t h e  number o f  c e l l s  
and t h e  number o f  i n t e r c o n n e c t s  wh ich  r e s u l t s  i n  a 
l ower  cost. The t r a n s p a r e n t  back p r o v i d e s  some a d d i -  
t i o n a l  power g e n e r a t i o n  b y  a l l o w i n g  a l ower  o p e r a t i n g  
t e m p e r a t u r e  and a l l o w i n g  some back i l l u m i n a t i o n .  The 
c e l l s  a r e  mDunted on coa ted  Kapton p a n e l s  wh ich  a r e  
h i n g e d  t o  a d j a c e n t  p a n e l s  t o  form a b l a n k e t  wh ich  i s  
a p p r o x i m a t e l y  15 f t  wide and 100 f t  l o n g .  The c o a t i n g  
i s  t o  p r o v i d e  p r o t e c t i o n  t o  t h e  Kapton from degrada-  
t i o n  by a t o m i c  oxygen. Each PV a r r a y  w ing  i s  composed 
of two b l a n k e t s .  
k e t s  i s  used t o  e x t e n d  t h e  a r r a y  and p r o v i d e  s t r u c -  
t u r a l  s u p p o r t .  The a r r a y  v o l t a g e  i s  c o n t r o l l e d  a t  
a p r o x i m a t e l y  160 Vdc. A f l e x i b l e ,  d e p l o y a b l e  a r r a y  
d e s i g n  was s e l e c t e d  t o  m i n i m i z e  mass and t o  a l l o w  au to -  
mated a r r a y  deployment  w i t h  l i t t l e  c r e w  i n v o l v e m e n t .  
A s i m i l a r  a r r a y  wh ich  used o n l y  one b l a n k e t  was f l o w n  
and t e s t e d  on STS 41-0. F i g u r e  3 i l l u s t r a t e s  an a r r a y  
wing.  D u r i n g  l aunch  t h e  a r r a y s  a r e  s t o r e d  i n  t h e  b l a n -  
k e t  boxes .  
The 
A d e p l o y a b l e  mast between t h e  b l a n -  
After deployment  t h e  box becomes p a r t  o f  
t h e  s t r u c t u r a l  s u p p o r t  w i t h  a d d i t i o n a l  s t i f f e n i n g  
b e i n g  p r o v i d e d  by t e n s i o n  w i r e s .  
PV a r r a y s  a r e  mounted on r o t a r y  j o u n t s  t o  p r o v i d e  
seasonal s u n - t r a c k i n g .  The e n t i r e  o u t b o a r d  s e c t i o n s  
( s o l a r  power modules)  o f  t h e  s t a t i o n  as shown i n  
F i g u r e  1 a r e  a t t a c h e d  t o  t h e  main body o f  t h e  s t a t i o n  
v i a  r o t a r y  j o i n t s  to a l l o w  o r b i t a l  s u n - t r a c k i n g .  Bo th  
the  a l p h a  and b e t a  j o i n t s  have 360" r o t a t i o n a l  capa- 
b i l l b i t y .  The s o l a r  power module a l s o  c o n t a i n s  t h e  
b a t t e r y  s t o r a g e  subsystem, a thermal  c o n t r o l  subsys- 
t e m ,  s u f f i c i e n t  e l e c t r o n i c s  t o  c o n t r o l  t h e  g e n e r a t i o n  
and s t o r a g e  subsystems, and s t r u c t u r e  t o  s u p p o r t  t h e  
equ ipmen t .  
g e n e r a t i o n  t e c h n o l o g y  was moved i n t o  t h e  second phase 
o f  t h e  Space S t a t i o n  program. What remains i s  t o  
assu re  g r o w t h  p a t h s  and c o m p a t i b i l i t y  w i t h  t h e  s o l a r  
dynamic t e c h n o l o g y .  The p r o o f - o f - c o n c e p t  t e s t  has 
been pos tponed  u n t i l  1990. 
D u r i n g  t h e  summer o f  1987, t h e  s o l a r  dynamic power 
- s to-< 
N i c k e l - h y d r o g e n  b a t t e r i e s  have been s e l e c t e d  as t h e  
energy  s t o r a g e  subsystem f o r  t h e  EPS. These b a t t e r i e s  
were l i g h t e r  t han  t h e  o t h e r  p o s s i b i l i t i e s  and have some 
space f l i g h t  h e r i t a g e .  The c e l l s  c o u l d  a l s o  be common 
w i t h  t h e  p o l a r  p l a t f o r m  and thus  reduce  program c o s t s .  
The Ni-H2 c e l l s  have a c a p a c i t y  o f  abou t  80 A-hr and 
a r e  packaged i n t o  assemb l ies  wh ich  c o n t a i n  a w i r i n g  
ha rness ,  mechanica l  s u p p o r t ,  and the rma l  t r a n s p o r t  com- 
ponen ts .  Severa l  assemb l ies  a r e  c o n f i g u r e d  i n t o  a b a t -  
t e r y .  F i v e  b a t t e r i e s  a r e  p r e s e n t  i n  each s o l a r  power 
module. E l e c t r o n i c s  wh ich  c o n t r o l  t h e  charge and d i s -  
charge of each b a t t e r y  a r e  packaged s e p a r a t e l y .  Each 
assembly 1s mounted on a c o l d  p l a t e  which i s  c o o l e d  by 
t h e  the rma l  c o n t r o l  subsystem i n  t h e  s o l a r  power 
module.  
D i  s tr i b u t  i o n  
The most s i g n i f i c a n t  d i s t r i b u t i o n  d e c i s i o n s  a r e  t h e  
s e l e c t i o n  of t h e  d i s t r i b u t i o n ' f r e q u e n c y  and v o l t a g e .  
The PMAD Workshop i n  1984 suggested t h a t  t h e  i n t e r f a c e  
t o  u s e r s  o f  e l e c t r i c a l  power be ac and t h a t  t h e  d i s t r t -  
b u t i o n  v o l t a g e  be as h i g h  as p r a c t i c a l .  The h i g h  v o l t -  
age m i n i m i z e s  w i r e  w e i g h t  and d i s t r i b u t i o n  l o s s e s  i n  
e l e c t r o n i c  s w i t c h e s .  The ac i n t e r f a c e  a l l o w s  u s e r s  t o  
change v o l t a g e  l e v e l s  e a s i l y  u s i n g  o n l y  a t r a n s f o r m e r  
r a t h e r  than  a complex d c / d c  c o n v e r t e r .  ac d i s t r i b u t i o n  
a l s o  f a c i l i t a t e s  ground \ s o l a t i o n  b y  modules and pay- 
l o a d s .  The f i n a l  s e l e c t l o n  o f  20 kHz as t h e  d i s t r l b u -  
t i o n  f r e q u e n c y  was based on t h e  s e n s i t i v i t y  o f  some 
e x p e r i m e n t s  t o  conducted and r a d i a t e d  E M I .  The 20 kHz 
f r e q u e n c y  produces l e s s  EM1 and s h i e l d i n g  i s  more 
e a s i l y  accomp l i shed  a t  b o t h  t h e  sou rce  and e x p e r i m e n t .  
The 20 kHz d i s t r i b u t i o n  system i s  a l s o  l i g h t e r  and 
l e s s  c o s t l y  t h a n  t h e  a l t e r n a t i v e s .  
The b a s e l i n e  a r c h i t e c t u r e  o f  t h e  d i s t r i b u t i o n  sub- 
system i s  shown i n  F i g .  4. The 160 Vdc from t h e  
a r r a y s  and b a t t e r i e s  i s  i n v e r t e d  t o  440 Vac, 1 phase,  
20 kHz u s i n g  c l o c k e d  r e s o n a n t  c o n v e r t e r s  t o  m a i n t a i n  
p r o p e r  f requency  and phase on t h e  main power bus.  The 
power i s  t r a n s m i t t e d  a c r o s s  t h e  a l p h a  j o i n t  u s i n g  r o l l  
r i n g s  wh ich  a r e  s i z e d  for t h e  g r o w t h  s t a t i o n .  A main  
bus s w i t c h i n g  assembly on e i t h e r  s i d e  o f  t h e  a l p h a  
j o i n t  p e r m i t s  r e c o n f i g u r a t i o n  o f  t h e  sou rce  and d i s t r i -  
b u t i o n  buses.  The EPS uses a r i n g  bus on t h e  t r u s s  
i n s i d e  t h e  a l p h a  j o i n t  and a second r i n g  bus i n s i d e  
t h e  p r e s s u r i z e d  modules. Due t o  p o t e n t i a l  module 
d e p r e s s u r i z a t i o n ,  t h e  d i s t r i b u t i o n  v o l t a g e  i n s i d e  t h e  
modules i s  reduced t o  208 Vdc. Each a r e a  o u t s i d e  and 
each p r e s s u r i z e d  module a r e  t r a n s f o r m e r  i s o l a t e d .  The 
i n t e r f a c e  t o  t h e  u s e r s  i s  a lways  208 V .  20 kHz. The 
f i n a l  s w i t c h i n g  w i t h i n  t h e  EPS b e f o r e  t h e  u s e r ' s  
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equipment i s  aggregated  i n t o  power d i s t r  b u t i o n  c o n t r o l  
a s s e m b l i e s .  One i s  l o c a t e d  i n  each a r e a  on t h e  t r u s s  
where power i s  consumed. Each U.S. p r e s s u r i z e d  module 
has f i v e .  The c u r r e n t  i n t e r n a l  a r c h i t e c t u r e  o f  a PDCA 
i s  shown i n  F i g .  5 .  
t e r s  w i t h  t h r e e  f a u l t  t o l e r a n t  power,  20 l o a d  c e n t e r s  
w i t h  s i n g l e  f a u l t  t o l e r a n t  power,  or  a m i x .  
Each PDCA can s e r v i c e  10  l o a d  cen- 
I n  o r d e r  t o  m a i n t a i n  t h e  h i g h  e f f i c i e n c y  o f  t h e  
I d i s t r i b u t i o n  system, u s e r s  o f  power have been encour -  aged t o  c o n v e r t  t h e  power only once f r o m  20 kHz t o  
t h e i r  f i n a l  needs. T h i s  i s  s i m i l a r  to u s i n g  60 HZ 
d i r e c t l y  i n  an i n s t r u m e n t  i n  a l a b o r a t o r y  on t h e  
ground.  
need a s s i s t a n c e  a d a p t i n g  t o  20 kHz, t h e  Space S t a t i o n  
oroaram w i l l  D r o v i d e  e d u c a t i o n  and l i s t s  o f  q u a l i f i e d  
A s  a t r a n s i s t i o n  a i d e ,  for  t h o s e  u s e r s  who I 
v e n i o r s .  
e x p e r i m e n t e r s  two types  o f  b u l k  c o n v e r t e r s .  
w i l l  p roduce 28 Vdc and 60 Hz. 
power i s  i n e f f i c i e n t  and t h e  l o s s e s  w i l l  be charged t o  
t h e  e x p e r i m e n t e r .  
The' Space S t a t i o n  w i  1 1  make a v a i l a b l e  t o  
These 
Doub le  c o n v e r s i o n  of 
C o n t r o l  And Management 
The c o n t r o l  a r c h i t e c t u r e  f o r  t h e  EPS uses a h i e r a r -  _ _ _ . .  
c h i c a l .  d i s t r i b u t e d  comput ing  c a p a b i l i t y  and a d e d i -  
c a t e d  c o n t r o l  d a t a  bus .  Some s o f t w a r e  a t  t h e  l o w e r  
l e v e l s  i n  t h e  h e i r a r c h y  w i l l  be burned onto c h i p s  t o  
p r o v i d e  s t a r t u p  and r e c o v e r y  c a p a b i l i t y  independent  of 
h i g h e r  l e v e l  c o n t r o l l e r s .  The EPS a l s o  u t i l i z e s  a 
d e d i c a t e d  low power d i s t r i b u t i o n  bus t o  a s s u r e  t h a t  a l l  
s w i t c h e s  a r e  s e t  i n  p o p e r  p o s i t i o n s  b e f o r e  a p p l y i n g  
power t o  t h e  main  d i s  r i b u t i o n  buses .  A Power Manage- 
ment C o n t r o l l e r  (PMC) i s  i n s t a l l e d  i n  each o f  t h e  back 
nodes. These a r e  t h e  m a s t e r  c o n t r o l l e r s  for  t h e  EPS 
and a l s o  p r o v i d e  t h e  n t e r f a c e  t o  t h e  Data  Management 
System wh ich  p r o v i d e s  communica t lon  p a t h s  t o  t h e  o t h e r -  
systems 
(OMS). 
schedu l  
and h o s t s  t h e  O p e r a t i o n  Management System 
The OMS p r o v i d e s  t h e  day-to-day o p e r a t i o n a  
i n g  o f  t h e  a c t i v i t i e s  onboard  t h e  s t a t i o n .  
can a l s o  r e s p o n d  w i t h  a g l o b a l  p e r s p e c t i v e  t o  an e 
or a p r o b l e m  o n  t h e  s t a t i o n .  
J u s t  b e l o w  t h e  PMC i n  t h e  c o n t r o l l e r  h e i r a r c h y  
t h e  c o n t r o l l e r s  i n  each PV module inc rement  and i n  
each PDCA. These respond t o  t h e  PMC and a l s o  have 
I t  
e n t  
a r e  
t h e  
c a p a b i l i t y  t o  f u n c t i o n  au tonomous ly  t o  m a i n t a i n  EPS 
c a p a b i l i t y  i n  case of a f a i l u r e  o f  b o t h  PMC's. 
CONCLUSIONS 
T h i s  p a p e r  has p r e s e n t e d  an o v e r v i e w  o f  t h e  
requ i re i i i en ts  upon wh ich  t h e  EPS and s o l a r  power module 
d e s i g n s  a r e  based as w e l l  as a summary of t h e  d e s i g n  
i t s e l f .  The c u r r e n t  d e s i g n  meets a l l  o f  t h e  r e q u i r e -  
ments i n c l u d i n g  t o t a l  power l e v e l ,  redundancy, and 
l a u n c h a b i l i t y .  
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FIGURE 1. - REVISED BASELINE CONFIGURATION (NASA HQ SF87-306 (3) 5-18-87). 
5 
L Z  
0 0  /O- u v  












































FIGURE 3. - TWO-BLANKET FLEXIBLE SOLAR ARRAY. 
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